Objective: Crimean-Congo hemorrhagic fever (CCHF) is a tick-borne viral hemorrhagic fever. Disseminated intravascular coagulation (DIC) is an important complication of this disease, especially in severe and fatal cases. Antithrombin (AT) acts as an anticoagulant by inactivating thrombin, Factor IX, Factor X and Factor XI. We conducted this study to investigate the AT levels and their prognostic value in CCHF.
Introduction
Crimean-Congo hemorrhagic fever (CCHF) is a tick-borne viral hemorrhagic fever. In the last decade, this disease has become endemic in Turkey and its neighbors [1] . Bleeding due to thrombocytopenia and/or disseminated intravascular coagulation (DIC) is an important complication of CCHF. DIC is seen in severe and fatal cases. The disease pathogenesis is not clear. However, it is known that the major targets of the disease are endothelial cells, hepatocytes and mononuclear phagocytes [2] . Endothelial damage, vasculitis and sepsis occur in patients with CCHF [3] .
Antithrombin (AT) is a 58-kDa serine protease inhibitor (serpin) that acts as an anticoagulant protein by inactivating thrombin, Factor IX, Factor X and Factor XI ( Figure 1 ) [4] . AT is synthesized in the liver, and plasma levels tend to be low in individuals with various pathological conditions such as liver cirrhosis, DIC, nephrotic syndrome and acute thrombosis [4] . AT had been successfully used as a supportive therapy in experimental endotoxin-induced DIC models [5] .
We conducted this study to investigate the AT levels and their prognostic significance in CCHF.
Materials and Methods

Patients
This study was conducted at a tertiary hospital in 2007, and 38 confirmed CCHF patients were enrolled. Diagnosis of the disease was made by CCHF IgM and/or PCR positivity. Patients were grouped based on the severity criteria described previously [6] . The patients with platelet counts <20 000x10 6 cell/L, white blood counts >10000x10 6 cell/L, prothrombin times > 60 seconds, aspartate aminotransferase levels >700 IU/L or alanine aminotransferase levels >900 IU/L were accepted as severe cases. Patients whose illnesses were self-limited and who did not require blood component replacement were accepted as mild cases, and patients who improved but required blood component replacement were accepted as moderate cases.
Test Procedure
Venous blood samples were collected in tubes containing EDTA, and AT activity was detected the same day. Antithrombin activity was measured using a chromogenic substrate test (Diagnostica Stago STA Compact) at a routine research laboratory. The normal range was considered to be 70-110%.
Statistical analysis
The data were analyzed using SPSS 11.5 (SPSS Inc., Chicago, IL). The Mann-Whitney U test was used to compare the parameters, and p values lower than 0.05 were accepted as significant.
Results
Twenty-two (78.6%) of the cases were mild, 3 (10.7%) were moderate, and 3 were (10.7%) severe. The mean AT (Figure 2 ). Although the mean values for the antithrombin activity were all in the normal range and the differences between these values were not statistically significant due to the small number of the cases, the mean AT activity was lower for severe CCHF cases.
Contact activation (intrinsic) pathway
Discussion
Under homeostatic conditions, the body is maintained in a finely tuned balance between coagulation and fibrinolysis. DIC involves the dysregulation of the processes of coagulation and fibrinolysis, and the result is widespread clotting with resultant bleeding. Viral infections may perturb hemostasis and can lead to thrombohemorrhagic complications or syndromes such as DIC or vasculitis [7] . Endothelial cell injury is a common feature of some viral infections and can alter hemostasis in a direct or indirect manner. Endothelial damage contributes to hemostatic failure as the result of the consequent activation of the intrinsic coagulation cascade [7] . The ability to infect endothelial cells has been demonstrated for viruses that cause hemorrhagic fevers, such as the dengue, Marburg, Ebola, Hantaan, and Lassa viruses [8] .
The pathogenesis of CCHF is still unclear. Changes in the levels of coagulation factors and anticoagulant proteins and alterations to the fibrinolytic system in patients with CCHF have been investigated in a limited number of studies [9] [10] [11] .
Sonmez et al. found low thrombin-activatable fibrinolysis inhibitor (TAFI) activity in CCHF patients; TAFI is an important protein affecting the stability of fibrin clots. The researchers concluded that low levels of TAFI activity may be an important factor leading to an imbalance in fibrinolysis, resulting in bleeding complications in patients with CCHF [9] .
We kinetically investigated d-dimer, protein C, protein S, and Factor VIII in CCHF patients in a previous study. We found that d-dimer has a prognostic value in the disease and that protein C and protein S activity may decrease during the acute phase. These activity levels returned to normal in patients who survive but were persistently low in fatal cases [10] . Therefore, we suggest that the coagulation and fibrinolysis balance is affected during CCHF, as in other viral hemorrhagic fevers.
Onguru et al. investigated the same coagulation and fibrinolysis markers in CCHF. They found that there were no statistically significant differences with respect to the AT values and other parameters (protein C, protein S activity, d-dimer) between fatal and nonfatal cases [11] .
There have been many studies investigating AT activity in other viral hemorrhagic diseases. The AT levels were found to be in the normal range in individuals with Argentine hemorrhagic fever and hemorrhagic fever with renal syndrome [12, 13] .
It was found that AT may transiently decrease during Korean fever and dengue hemorrhagic fever in the acute stage but returns to normal during the recovery period [14, 15] .
AT levels have also been found to be decreased in patients with dengue shock syndrome, hemorrhagic fever with renal syndrome and epidemic hemorrhagic fever [16] [17] [18] [19] [20] . In an experimental study, low levels were observed in guinea pigs [21] .
In this study, we found no difference in the AT values between mild, moderate, and severe cases of CCHF. Although there was no statistically significant difference, the AT activity was lower in severe cases. The number of severe cases was low, and there were no fatal cases in our series. Therefore, the statistical analysis may have been affected by the small number of severe cases.
In conclusion, to understand AT changes, further studies are need with more patients. In addition, the changes in AT should be monitored daily.
